Amphotericin B colloidal dispersion (ABCD) is a new formulation of conventional amphotericin B designed to minimize drug distribution in the kidney and reduce nephrotoxicity. We studied the safety and efficacy of ABCD in 133 renally compromised patients with invasive fungal infections. Patients had either nephrotoxicity from amphotericin B or preexisting renal disease. Intravenous treatment with ABCD (4 mg/kg of body weight daily) was administered for up to 6 weeks. Evaluations included clinical response to treatment and adverse events, with emphasis on changes in serum creatinine levels. ABCD did not appear to have an adverse effect on renal function: mean serum creatinine level tended to decrease slightly with days on therapy, and increases were not dose related. Complete or partial response to treatment was reported for 50% of the 133 intent-to-treat patients and 67% of the 58 evaluable patients.
Amphotericin B has the broadest spectrum of activity of all available systemic antifungal agents. While the pharmacokinetics and pharmacodynamics of amphotericin B are not fully understood, its binding affinity for ergosterol is considered the primary reason for its antifungal efficacy, and its cholesterolbinding activity is believed to be the source of toxicity. Nephrotoxicity, which often requires discontinuation of therapy, has been reported in 60 to almost 90% of the patients who receive amphotericin B (6, 7, 15, 18) . In addition, infusion-related toxicities, such as chills and fever, occur frequently.
The deleterious effects of amphotericin B on renal function may be dose related: end-stage renal disease requiring dialysis has been associated with total doses of Ն5 g. However, toxicity is not always dose dependent; even relatively modest doses may result in renal damage. For example, azotemia was reported in 26% of patients with cryptococcal meningitis treated with doses of only 0.3 mg/kg of body weight daily (25) . Concern with the potential nephrotoxicity of amphotericin B has caused many clinicians to treat patients with suboptimal doses of the drug or to refrain from using it. Hence, newer formulations of amphotericin B that do not cause impairment in renal function are needed.
Amphotericin B colloidal dispersion (ABCD; amphotericin B cholesteryl sulfate complex for injection; AMPHOTEC [in the United States] or AMPHOCIL [outside the United States]; SEQUUS Pharmaceuticals, Menlo Park, Calif.) is a new formulation of amphotericin B, developed to reduce toxicity by minimizing the delivery of amphotericin B to host cells. ABCD is a high-affinity lipid complex consisting of amphotericin B and sodium cholesteryl sulfate in a near-1:1 ratio. ABCD has been shown to be significantly less toxic than amphotericin B in animals, without reduction in efficacy (11, 12 ). An early clinical trial reported that doses of 1.5 mg of ABCD per kg produced no more infusion-related toxicity than is typically produced by 0.75 mg of amphotericin B per kg administered to premedicated patients (23) . Furthermore, studies both in vitro and in animal models indicate that ABCD is as effective as amphotericin B in treating the principal pathogenic fungi (1, 13, 17) .
To reduce toxicity, amphotericin B has also been formulated in two other liposomal preparations, Abelcet and AmBisome. Abelcet is ribbonlike in structure and is a complex of amphotericin B and two phospholipids. It is approved for marketing in the United States, the United Kingdom, and several other European countries. AmBisome consists of unilamellar bilayer liposomes with amphotericin B intercalated within the membrane. It is approved for marketing in the United States and several European countries.
We present the results of a prospective study evaluating the safety and efficacy of ABCD in patients with renal impairment who were infected with invasive fungi.
MATERIALS AND METHODS
Patients. This open-label study, conducted in 28 medical centers across the United States, included 133 hospitalized patients with invasive fungal infections and impaired renal function. An Investigational Review Board or Ethics Committee at each center approved this study, and written informed consent was obtained from the patient, a legal representative, or from the parent or legal guardian for minors. Patients were eligible for this study if they had nephrotoxicity due to amphotericin B therapy, as evidenced by an increase of Ն1.5 mg/dl in serum creatinine level or a doubling of serum creatinine level during amphotericin B therapy, or if they had an underlying renal insufficiency evidenced by a mean serum creatinine level of Ն2.0 mg/dl based on results from at least two samples before study entry. Patients were excluded from this study for any one of the following reasons: having a history of anaphylactoid or other serious allergic reactions to amphotericin B, having a life expectancy estimated to be less than 7 days, having a hemoglobin level of Ͻ7 g/dl, being a pregnant or lactating female, or being less than 2 years of age. Rigid documentation of systemic fungal infection was not a criterion for inclusion; fungal species or sites of infections were not predesignated. Where documentation was not available, patients could be treated empirically on the basis of clinical evidence or previously obtained mycologic data.
Study medication and administration. A test dose of 5 mg (modified for pediatric patients weighing Ͻ10 kg) was given on the first day; patients with an infusion-related toxicity of grade 2 or higher were premedicated with acetaminophen before the infusion was resumed. (The toxicity grade is based on the National Cancer Institute's Common Toxicity Criteria. For example, a grade 2 toxicity involves fever of Ͼ38.0°C, chills requiring medication, or hypotension requiring fluid replacement.) ABCD was then administered once daily as a 4.0-mg/kg intravenous infusion, at a rate of 1 mg/kg/h. If this dosage was well tolerated for 2 weeks and renal function improved, an increase to 6.0 mg/kg daily was permitted. Ten patients received doses that ranged between 5.0 and 6.0 mg/kg. One patient received a dose of 6.20 mg/kg.
Patients were to receive ABCD until approximately 2 weeks after the disappearance of signs and symptoms of fungal infection, with a projected maximum of 6 weeks. Four patients with difficult-to-treat infections (three with Aspergillus pulmonary and sinus infection and one with Fusarium infection) were treated for 89, 110, 204, and 114 days, respectively. In the case of candidemia without evidence of invasive candidiasis, the treatment could be stopped 1 week after the disappearance of signs and symptoms, provided that neutropenia had resolved.
Monitoring. The trial protocol required the following evaluations to be completed weekly: physical examination including neurologic assessment, complete blood cell count, blood chemistry and electrolyte analysis, and routine urinalysis.
Definition of infection. Fungal infections were classified as definite or insufficient evidence. Classification was based on general clinical and mycologic criteria from the disease-specific guidelines of the Infectious Diseases Society of America and the Food and Drug Administration (19) . For endemic mycoses, compatible clinical findings and isolation of the pathogen from any source were sufficient to classify the infection as definite. A positive cryptococcal antigen was considered evidence of definite infection, as was isolation of opportunistic fungi from biopsy specimens or from normally sterile body fluids or sites. Patients with probable infection, i.e., radiographic evidence of pulmonary infection and isolation of opportunistic fungi from one bronchopulmonary alveolar lavage specimen or two sputum specimens, were considered to have a definite infection. Additionally, any patient with at least one positive fungal blood culture was considered to have a definite fungal infection. Infections classified as insufficient evidence were either suspected or possible fungal infections.
Evaluations of efficacy and safety. Therapeutic efficacy was determined by both clinical and mycologic responses. Clinical evaluation included signs and symptoms, radiographic changes, and histopathologic findings from biopsies or postmortem examinations. Mycologic evaluation was based on results of cultures, fungal antigen-antibody studies, and other microbiologic tests, such as nucleic acid probes. Response to treatment was rated as one of the following: complete response, no clinical or mycologic evidence of active infection and complete resolution of involved site at the end of therapy and at the 3-month follow-up; partial response, improvement in signs of disease activity but all criteria for complete response not being satisfied; failed, persistent clinical or laboratory evidence of fungal infection or continued treatment required during follow-up. Change in serum creatinine level was defined as the primary measure of renal safety; values before, during, and after therapy were compared within each patient. Additionally, adverse events were recorded along with their severity, relation to treatment, and outcome.
Statistical analysis. Dosing information was summarized for all patients by fungal infection subgroup. Total dose, daily dose, and total days on treatment were statistically summarized by using mean, median, standard deviation (SD), and range. Because this was an open-label nonrandomized study, no formal statistical tests were performed on the efficacy analyses.
RESULTS
One hundred thirty-three patients (86 male, 47 female) were enrolled and received at least one dose of ABCD (Table 1) . Their ages ranged from 21 months to 86 years. Sixty-eight patients (51%) were enrolled because of nephrotoxicity associated with previous treatment with amphotericin B. Forty-six patients (35%) were enrolled because of underlying renal insufficiency. The remaining 19 patients (14%) were enrolled because they were at significant risk of nephrotoxicity with amphotericin B as determined by their physicians. Sixteen of the 19 patients showed a marked trend toward nephrotoxicity while on amphotericin B therapy. Although these patients did not meet the exact criteria for enrollment due to nephrotoxicity, investigators did not want them to continue with amphotericin B therapy. One of the 19 patients was on renal dialysis.
Sixty-seven (50%) patients were infected with Candida, 33 (25%) were infected with Aspergillus, and 33 (25%) were infected with other fungal organisms. The most commonly observed underlying diseases or conditions were bone marrow transplantation (33.8%) and hematologic malignancy (29.3%). Fifty patients completed the entire study period. Reasons for early discontinuation included death in 44 patients, toxicity in 16, therapeutic failure in 10, and progression of underlying disease in 3. Ten patients discontinued for miscellaneous reasons unrelated to toxicity. All 133 patients who received ABCD (intent-to-treat group) were assessed for both safety and efficacy, even if they had insufficient evidence of infection at baseline or had discontinued treatment within the first week of the study. An evaluable patient subgroup was selected by more stringent criteria for efficacy analysis, which required that patients (i) had a definite fungal infection at baseline, (ii) received ABCD for at least 7 of the first 10 days of the study, and (iii) took no concurrent systemic antifungal therapy during treatment with ABCD.
The baseline demographic characteristics of the 58 patients who qualified for inclusion in the evaluable patient group were similar to those of the intent-to-treat population, except that the evaluable group included a greater proportion of candidiasis patients: 30 (52%) were infected with Candida, 16 (28%) were infected with Aspergillus, and 12 (21%) had other fungal infections (three had cryptococcosis; four had other molds, one of whom had cryptococcosis as well; and six had Histoplasma capsulatum or Coccidioides immitis). Of the 75 patients excluded from the evaluable population, 45 had received less than 7 days of ABCD treatment within the first 10 days, 40 had insufficient evidence of a definite fungal infection at baseline, and 10 received additional, concurrent systemic antifungal medication. (Twenty patients were excluded for two reasons.)
Response to treatment. Table 2 shows the response to treatment among the 58 evaluable patients, including a breakdown of response by underlying disease condition and by patients with a baseline absolute neutrophil count of Ͻ500/mm 3 . Of the 58 evaluable patients, 39 (67.2%) had either a complete or a partial response at end of treatment, with 19 (32.8%) having treatment failures. There were two reasons for treatment failure: death (14 patients) and persistent fungal infection (5 patients). The most common cause of death was fungal infection (seven patients). The highest cure rate was seen in patients with candidiasis: 17 of 30 (56.6%) had a complete response. When complete and partial responses were combined, recipients of bone marrow transplantation had the lowest response rate (4 of 15; 26.6%), compared to patients with solid tumors (6 of 6; 100%), solid organ transplants (5 of 6; 83.3%), and hematologic malignancy (14 of 17; 82.3%) and those with other underlying diseases (10 of 14; 71.4%).
Forty-five of the 58 evaluable patients had received previous amphotericin B therapy. Twenty-nine of the 45 patients (64%) had a complete or partial response at end of treatment. A higher response rate was seen in the group of 13 evaluable patients who had not had previous amphotericin B therapy. In this group, 10 patients (10 of 13; 77%) had a complete or partial response at end of treatment. Thus, it did not appear that previous amphotericin B therapy was an important factor in determining the complete and partial response rates.
Posttreatment follow-up. Patients were considered not assessable at follow-up if they were failures at the end of therapy, did not return, had been placed on an alternative systemic antifungal agent, or had died. Twenty (34.5%) of 58 evaluable patients who were assessed at follow-up examination had a positive response (complete or partial), with 15 (25.9%) cured and 5 (8.6%) improved compared to baseline. Median time to follow-up among evaluable patients was 90.5 days for Aspergillus-infected patients, 93.5 days for Candida-infected patients, and 98.0 days for those with other infections.
Mortality. Seventy-four of the total 133 patients died (56%); 29 of these patients were in the evaluable group (29 of 58; 50%). Twenty-three of the total 133 patients (17%) died within 7 days of receiving the first dose of ABCD, which indicates these patients' severity of illness. No deaths were attributed to ABCD therapy. Seventeen deaths were ascribed to fungal infection; all other deaths were due to either the underlying disease or complications involved in its treatment.
Safety. The cumulative dose of ABCD ranged from 5 mg to 30.5 g (mean ϭ 4.9 Ϯ 4.9 [SD] g; median ϭ 3.3 g). Daily doses ranged from 0.1 to 5.5 mg/kg (mean ϭ 3.4 Ϯ 0.98 [SD] mg/kg; median ϭ 3.8 mg/kg), and mean total duration of treatment was 21 Ϯ 25.7 (SD) days (median, 14 days; range, 1 to 207 days).
The most common adverse events judged as being possibly or probably related to ABCD (reported in Ն10% of patients) were chills (41%; 55 of 133), fever (18%; 24 of 133), and hypertension (10%; 13 of 133), with most of the events being mild or moderate in severity. In previous studies of ABCD, the incidence of hypertension has been less than 5%; this includes a double-blind randomized study involving 213 patients. The high incidence of patients with renal disease in this study may have contributed to the higher rate of hypertension.
Infusion-related events occurred at least once in 74 patients (56%); for 15 patients, the events were categorized as severe. Although 57 patients (43%) experienced infusion-related toxicity on day 1, the proportion with infusion-related toxicities diminished steadily, with only 17 of 93 patients (18%) reporting these events by day 7 (Fig. 1) .
Sixteen patients discontinued prematurely because of toxicity or adverse events. Seven discontinuations were infusion related. Six were for renal toxicity or elevated serum creatinine levels. The three remaining discontinuations were for pulmonary edema, atrial fibrillation, and leg pain. Although individual patients had increases in serum creatinine levels, there was no overall trend for increased creatinine levels, even in patients receiving concurrent cyclosporine. Mean serum creatinine levels decreased slightly from baseline. Figure 2 shows the overall change in serum creatinine levels, and Fig. 3 presents mean changes in serum creatinine levels among patients who were or were not treated concomitantly with cyclosporine. Table 3 presents median changes in creatinine clearance for all patients.
Baseline (defined as a window starting 2 days before and ending 3 days after the first dose of ABCD) and end-of-treatment serum potassium values were available for 102 patients; values at baseline and end of treatment were the same at a median of 3.9 meq/liter. Serum magnesium values were available for 79 patients; values at baseline and end of treatment were the same at a median of 1.6 meq/liter.
Baseline and end-of-treatment alkaline phosphatase values were available for 83 patients. Values changed from a median of 159 U/liter at baseline to 189 U/liter at the end of treatment. aspartate transaminase and bilirubin values were available for 62 and 84 patients, respectively. The median baseline and end-of-treatment values for aspartate transaminase were 35 and 37.5 U/liter, respectively; for total bilirubin, they were 1.9 and 2.3 mg/dl, respectively.
Similar laboratory values were found when renal function in patients with Candida was compared with that in the total group of patients. Serum creatinine values were identical in both groups at baseline (median, 2.3 mg/dl; 56 patients with candidiasis; 102 total patients) and end of treatment (median, 2.0 mg/dl). Serum potassium values were also identical in both groups at baseline (median, 3.9 meq/liter; 54 patients with candidiasis; 102 total patients) and end of treatment (median, 3.9 meq/liter). Blood urea nitrogen values were slightly different in the two groups. The median value at baseline for the 56 patients with candidiasis was 51.5 mg/dl, while for the 103 total patients, it was 50.0 mg/dl. The median value at end of treatment was 51.0 mg/dl for the patients with candidiasis and 50.0 mg/dl for the total group of patients. 
DISCUSSION
Our study demonstrates that ABCD can be safely administered to patients with invasive fungal infection who have preexisting renal insufficiency. Serum creatinine levels tended to decrease slightly over the course of the study, regardless of the total dose of ABCD or of concomitant administration of cyclosporine. The renal safety of ABCD was also demonstrated by the increase in creatinine clearance and by stable serum potassium values. ABCD was shown to be effective in many patients who had failed to respond to standard amphotericin B. However, any conclusions from this study are limited by the relatively small number of patients with uniform predisposing conditions and well-documented infections caused by a single species. In addition, the study did not include a control group, a problem with most studies evaluating patients with lifethreatening fungal infections.
The response rates in the present study are consistent with those observed by others studying ABCD in the treatment of invasive fungal infection in this setting (5, 21) . However, the scarcity of prospective randomized trials and the absence of standard criteria for diagnosis and evaluation of response make it more difficult to compare our data with data from studies of other antifungal agents.
Nevertheless, within these limitations, ABCD appeared to compare favorably with the historical response rates observed with amphotericin B. A recent comprehensive review of the published literature for the treatment of aspergillosis reported an overall response to amphotericin B of 34% among 314 patients with aspergillosis, compared to the 62% response rate for aspergillosis observed in the present study (8) . The response rates observed in our study are also comparable to findings with the other lipid-associated formulations of amphotericin B, AmBisome and Abelcet (14, 22) .
Our study is in agreement with studies reporting evidence of decreased nephrotoxicity with lipid formulations of amphotericin B (2, 4). Our data indicate that ABCD has decreased nephrotoxicity, as demonstrated by stabilization or improvement in renal function in patients with preexisting nephrotoxicity, including that induced by amphotericin B. This finding has also been noted among patients at higher risk of nephrotoxicity due to concurrent administration of cyclosporine.
Our data indicate that infusion-related adverse events occur with the administration of ABCD but tend to decrease over time. These can often be ameliorated by premedicating patients with acetaminophen, diphenhydramine, or hydrocortisone. A similar pattern also is known to occur with amphotericin B, as well as AmBisome and Abelcet (20, 24) .
The results from this and other studies of ABCD suggest that ABCD would be particularly suitable in patients with invasive fungal infection and preexisting renal toxicity, including patients at higher risk due to concomitant nephrotoxic agents such as cyclosporine, tacrolimus, foscarnet, ganciclovir, and aminoglycoside antibacterials. Although ABCD therapy is more costly than therapy with amphotericin B, the renal system-sparing characteristics of ABCD may make it an appropriate choice in selected patient populations.
Therapy of severe fungal infections in immunocompromised patients is limited by the variable efficacy of the various antifungals and by irreversible tissue damage once invasive infection has been established. Hence, some investigators have recommended either the empiric administration of the maximum tolerated dose of amphotericin B or the prophylactic administration of this agent to high-risk patients (3, 10, 16) . Since worsening renal function is usually the dose-limiting factor for amphotericin B, ABCD, because of its superior safety profile, could be useful in these settings. The results from this trial and other published reports with ABCD and other lipid formulations provide preliminary evidence on the value of such use (14, (19) (20) (21) (22) 26) . However, previous studies, including ours, enrolled only a limited number of patients with persistent, profound neutropenia. In these patients, response to amphotericin B is notoriously poor; however, early administration of high-dose antifungal therapy is advocated (3, 9) .
Validation of the role of ABCD or other lipid formulations of amphotericin B in these situations will require controlled trials. Two prospective, blinded, randomized trials comparing ABCD to amphotericin B in high-risk and neutropenic patients with proven or suspected fungal infections have been completed. In one of these trials, a group of patients received ABCD concurrently with cyclosporine or tacrolimus. Results from these trials will provide more information about the usefulness of ABCD in high-risk and neutropenic patients.
In conclusion, amphotericin B formulated as ABCD was found to be effective and well tolerated in immunocompromised patients with invasive fungal infections. The major advantage of treatment with ABCD was reduced nephrotoxicity in patients with underlying renal impairment.
